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(S) Symbol and frame synchronization for a TDMA system. 

(57) A digital radio communication system in- 
cludes a receiver for receiving a signal stream 
that includes data frames, each frame including 
a data signal sequence and a synchronizing 
sequence. The communication system 
synchronizes the receiver by employing the sig- 
nal stream and comprises : a sampling circuit 
for sampling symbol levels in the synchronizing 
signal sequence ; cross correlation circuitry for 
comparing values derived from the sampled 
symbol levels with an expected set of values 
and producing an error value output; and cor- 
rection circuitry that is responsive to the error 
output and produces a sample control output to 
the sample circuitry to alter the times of sampl- 
ing of the symbol levels so as to reduce the 
error output and achieve time synchronization 
with the received synchronizing signal sequ- 
ence. 



CO 
CO 



in 
o 

CO 

o 
a. 

LU 




Jouve, 18, rue Saint-Denis, 75001 PARIS 



astSDOCID: <EP 0605188A2 I > 



1 



BP 0 605 188 A2 



2 



This invention relates to apparatus for digital data 
transmission and reception systems, and more par- 
ticularly, to apparatus for achieving symbol and 
frame synchronization in a multi-path propagation 
environment. 

Many digital radio transmission systems transmit 
data frames that comprise interspersed data and syn- 
chronization sequences. Cellular telephone systems 
employ such TDM A protocols and are an example of 
a system in which the invention hereof may be em- 
ployed. Each receiving station has an assigned syn- 
chronization sequence that enables the station to se- 
lectively decode accompanying data. Such synchron- 
ization sequences are utilized in time division multi- 
ple access (TDMA) systems wherein separate users 
are allocated separate time slots of a same frequency 
bandwidth. Each time slot is accompanied by a syn- 
chronization sequence that is known to a receiving 
station and enables that receiving station to achieve 
synchronization with the transmitted signal. 

Often a synchronization sequence is chosen so 
that it exhibits a zero autocorrelation characteristic. 
More specifically, if such a synchronization sequence 
is correlated with itself, only when the sequences be- 
ing correlated are aligned, does the correlator gener- 
ate a pulse output. At other times, the correlator's 
output is zero or nearly zero. A synchronization se- 
quence exhibiting a zero autocorrelation characteris- 
tic allows an impulse response of a channel to be es- 
timated and enables synchronization actions to oc- 
cur. 

In Fig. 1, a TDMA signal train 1 indicates three 
identical synchronization sequences 2, 3 and 4 inter- 
spersed between a pair of data time slots. A receiver 
stores a copy 5 of the synchronizing sequence and 
causes it to be sequentially compared to the received 
sequences 2, 3 and 4 during autocorrelation. Only 
when copy 5 is perfectly aligned with a synchronizing 
sequence 2, 3 and 4 does an autocorrelator produce 
a pulse output (e.g. pulses 6, 7 and 8, respectively). 
Since pulse output 7 is isolated by adjacent zero out- 
puts (due to the zero autocorrelation characteristics 
of the synchronizing sequence), pulse 7 can be easily 
isolated and used to commence a frame synchroniza- 
tion operation. 

In Fig. 2, only a single synchronizing sequence 9 
is transmitted. A partial autocorrelation can be ac- 
complished by using only a subset of the synchroniz- 
ing sequence (e.g. bits 3-10 when a synchronizing se- 
quence 9 comprises bits 1-12). During t i mes A and C, 
the subset shows a random correlation with incoming 
data. During time B a partial autocorrelation function 
is exhibited, and during time D, a zero autocorrelation 
property is exhibited. 

In Figs. 1 and 2, a symbol sample rate of once per 
symbol is assumed. Under such circumstances, 
frame synchronization, plus or minus one symbol 
time, can be achieved. In Fig. 3, an autocorrelation 



function is shown that is achieved when the sample 
rate is performed at twice the symbol rate. Such a 
partial autocorrelation takes the approximate form of 
the impulse response of the channel. 

5 Cellular telephone systems often suffer from 

multipath propagation effects, where a receiver sees 
copies of a transmitted signal that have traveled dif- 
ferent paths between the transmitter and the receiv- 
er. Generally such paths are of different lengths and 

10 cause the copies of the signals to be delayed relative 
to each other. If the signalling rates in such systems 
are sufficiently high, multipath propagation causes 
intersymbol interference which, in turn, makes signal 
detection impossible. 

is The term symbol, for example, may be used to re- 

fer to transmitted signals that are phase modulated 
with discrete phase relationships, each assigned 
phase relationship being a symbol that is subject to 
detection at a receiver. The term intersymbol interfer- 

20 ence refers to two or more symbols that are superim- 
posed upon each other, phase detection of each sym- 
bol thus becoming extremely difficult, if not impossi- 
ble. 

Systems for modulating the phase of a carrier 

25 wave to represent digital binary data are known in the 
prior art. A four state modulator (quaternary phase 
shift keying or QPSK) enables a carrier wave to take 
four different phase values depending on values as- 
sumed by successive two-bit binary groups. Each of 

30 the four equi-spaced phases is separated by 90°. 

Generally, if no pilot synchronization signal is 
generated by the transmitter, the receiver must de- 
rive symbol timing from the received signal. Both the 
transmitter and receiver employ separate station 

35 clocks which drift, relative to each other, and any 
symbol synchronization technique must be able to 
track such drift. Furthermore, in the case of intersym- 
bol interference as a result of multi-path propagation, 
many receivers employ equalization techniques to 

40 enable differentiation of multi-path received signals. 
If the received signal is to be detected without aid of 
an equalization procedure, the time of sampling of 
the received signal must be optimally chosen. If 
equalization is used, the method chosen must be able 

45 to operate over a time span at least as long as the de- 
lay between the signal paths. However, the longer 
the time span of the equalizing method, the more 
computation power is required. To minimize the re- 
quired computation power, the equalizing method 

50 needs to be optimally aligned to the incoming signal. 
The problem is further complicated by the fact that 
where one of the communicating stations is mobile, 
the mult i- path propagation phenomena is accompa- 
nied by signal jitter during the reception window. 

55 A first aspect of the invention provides apparatus 

for a digital radio communication system comprising 
a receiver for receiving a signal stream comprising 
data frames having data signal sequences and syn- 
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chronizing signal sequences, the apparatus being 
adapted for synchronizing the receiver and compris- 
ing sample means for sampling symbol levels in a syn- 
chronizing signal sequence, cross correlation means 
for comparing values derived from the sampled signal 5 
levels with a set of coefficient values and for produc- 
ing an error value output, and correction means re- 
sponsive to the error value output for producing a 
sample control signal output to the sample means to 
alter a time of sampling of said symbol levels to re- 10 
duce the error output and to thereby achieve time 
synchronization with one of the said synchronizing 
signal sequences and a second aspect of the inven- 
tion provides a method for a digital radio communica- 
tion system that receives a signal stream comprising 15 
data frames having data signal sequences and syn- 
chronizing signal sequences, said data stream being 
subjected to multipath propagation, the method syn- 
chronizing a receiver in the radio communication sys- 
tem and comprising the steps of, level sampling a re- 20 
ceived synchronizing signal sequence at first and 
second sample times during each of a plurality of 
symbols in a received synchronizing signal sequence, 
the first and second sample times separated by a half 
symbol time, deriving first and second cross correla- 25 
tion results from a combination of prestored coeffi- 
cients and level samples derived at the first and sec- 
ond sample times, calculating a ratio between the 
first and second cross correiations,subtracting a 
constant from the ratio to derive an error signal, the 30 
constant based upon a ratio that would result if the 
synchronizing signal sequence and the first and sec- 
ond sample times were in synchronism, and employ- 
ing the error signal to adjust the time of occurrence 
of the first and second samples times to reduce the 35 
error signal. 

This has the advantage that it provides a method 
and apparatus for tracking clock drift in a receiver. 
Additionally, the invention locks a sampling instant to 
an optimum symbol phase for detection. 40 

Af urther advantage is that the invention is capa- 
ble of aligning an equalizer with a received signal in 
such a way that the time span and corresponding 
computational power requirements of an equalizer 
are minimized. Also, this invention provides a system 45 
for synchronizing both frames and symbols received 
in a multi-path propagation environment. 

Further, this invention advantageously provides 
a frame synchronization system that enables a first 
received frame. to be chosen as the one upon which so 
to synchronize. Yet still further this invention has the 
advantage that it provides a symbol and frame syn- 
chronization method for a TDMA data communica- 
tions system wherein only two sample instances per 
symbol are employed. 55 

A specific embodiment of the invention will now 
be described, by way of example only, and with ref- 
erence to the accompanying drawings in which; 



Fig. 1 illustrates the use of a periodic synchroni- 
zation sequence (a), the generation of its auto- 
correlation function (b) and the resulting auto- 
correlation function (c); 

Fig. 2 illustrates the use of a synchronization se- 
quence having partial zero autocorrelation and 
the resulting autocorrelation function; 
Fig. 3 illustrates the resulting autocorrelation 
function when the autocorrelation function is cal- 
culated two instances per signaling symbol; 
Fig. 4 is a block diagram of a digital radio tele- 
phone; 

Fig. 5 is a block diagram of a decoder portion of 
a channel coder/decoder shown in Fig. 1 ; 
Figs. 6a and 6b illustrate time slot arrangements 
and show the relationship of synchronizing se- 
quences and data sequences; 
Fig. 7 is a block diagram of circuitry within frame 
synchronization block 32 in Fig. 5; 
Fig. 8 is a block diagram of symbol synchroniza- 
tion block 46 in Fig. 5; 

Fig. 9 shows a symbol waveform being amplitude 
sampled at optimal times; 
Fig. 10 shows a symbol waveform that has ad- 
vanced in phase with respect to the amplitude 
sample times; and 

Fig. 11 shows a symbol waveforrn that has been 
retarded in phase with respect to the amplitude 
sampling times. 

A digital radio telephone is described that em- 
ploys a frame synchronizer to provide a signal lock 
onto an incoming frame. Subsequently, the tele- 
phone achieves symbol synchronization through the 
use of pairs of sampled amplitude values from detect- 
ed, incoming symbol waveforms. In Fig. 4, a simpli- 
fied block diagram is shown of a digital radio tele- 
phone 10. In the ensuing description, reference will 
be made only to the reception path of the signal, al- 
though it will be realized by those skilled in the art 
that substantially the same signal processing occurs 
in the transmission path, but in a reverse order. 

An antenna provides input to a radio frequency 
(RF) block 12 which down/converts a received RF 
signal from an assigned frequency, in one or more 
steps, to a frequency low enough (preferably base- 
band) to be digitally processed. RF block 12 also ac- 
complishes necessary channel filtering. . . 

A baseband analog signal processing block 
(BASP) 14 includes an automatic gain control circuit 
(AGC) 15 and performs baseband filtering. The out- 
put of BASP 14 is applied to an analog to digital con- 
verter (A/D) 16. A channel coder/decoder (CCD) 18 
receives the digital representation of the filter's out- 
put signal and determines channel correction coeffi- 
cients for an adaptive equalizer. 

A speech coder/decoder (SCDj 20 converts the 
bits received from CCD 18 into a pulse code modu- 
lated (PCM) signal which is then expanded and con- 
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verted to an analog signal by an audio block (AUDIO) 
22. The output of AUDIO block 22 is the speech signal 
that is output by a loud speaker 24. A microphone 26 
is also coupled to AUDIO block 22 and provides an 
analog representation of user speech. The user 5 
speech is then passed through the transmit path, in 
a manner opposite to that described above, to be 
eventually transmitted from the antenna. 

A control processor (CP) 28 is employed to as- 
sign RF 12 and CCD 18 to a selected channel and to 10 
manage required protocols between mobile station 
10 and abase station (not shown). Itfurther manages 
a required user interface. CP 28 includes or is coupled 
to a memory 28a that stores instructions and data. 

Fig. 5 is a block diagram that illustrates, in greater 15 
detail, components of CCD 18 in Fig. 4. An input sig- 
nal from A/D 1 6 is low pass filtered by baseband filter 
(BBF) 30 and is then applied through a switch 31 
(schematically shown) to either frame synchronizer 
block 32 or adaptive filter block (AF) 33. The output 20 
from BBF 30 is not applied to AF 33 until frame syn- 
chronization has been achieved (a preset time inter- 
val). Thus, switch 31 is, initially, in its uppermost pos- 
ition so as to apply the output of BBF 30 to frame syn- 
chronizer block 32. The position of switch 31 is con- 25 
trolled by an output from control processor 28 (see 
Fig. 1) and is caused to connect BBF block 30 to adap- 
tive filter block 33 after a preset interval, during which 
time frame synchronization is achieved. After frame 
synchronization, A/D block 16 converts only data 30 
within the frame. 

AF 33 provides its output to a detector (DETECT) 
34 wherein a most likely symbol from a signal constel- 
lation and the symbol's corresponding bit(s) are de- 
tected. As employed herein, a symbol is considered to 35 
be a signal amplitude and phase that is selected from 
a modulation signal constellation. 

The detected symbol, together with an unequal- 
ized signal, is employed to update the coeff icience of 
AF 33. Detected bits are deinterleaved (block 36) and 40 
convolutionally decoded (38) before being passed to 
SCO 20 in Fig. 4. The operation of blocks 36 and 38 
are conventional and will not be described in further 
detail. 

A support block 40 includes an automatic gain 45 
control (AGC) block 42, an automatic frequency con- 
trol (AFC) block 44 and a symbol synchronization 
block 46. In Fig. 6a, frame and time slot arrange- 
ments are illustrated that occur in a digital, TDMA 
system. Each time slot includes a field for a synchron- so 
izing signal sequence and a field for a data sequence. 
Each radio telephone is assigned a specific syn- 
chronizing signal sequence and recognizes that se- 
quence upon seeing its appearance in a time slot A 
plurality of time slots (e.g., 3) comprise a frame and, 55 
as shown in Fig. 6(b), time slots directed to different 
radio telephones may occupy adjoining positions in a 
frame. 



In order to enable decoding of data contained 
within the data field, both frame synchronization and 
symbol synchronization must be achieved. Referring 
to Fig. 7, the details of frame synchronizer block 32 
will be described. As above indicated, each radio tel- 
ephone is assigned a unique synchronizing sequence 
(block 50) which is applied as an input to a correlation 
circuit 52. Correlation circuit 52 provides a pulse out- 
put when a correlation is found between a received 
synchronizing sequence and the stored synchroniz- 
ing sequence (block 50). That output is detected by 
detector 54 and applied as an input to processor 56. 
Processor 56 ignores all but the first detected pulse 
output from detector 52 so as to avoid locking onto a 
frame that has traveled by a less direct path and thus 
arrived as a delayed signal. Processor 56 determines 
from the output of detector 54 an approximate frame 
time and applies that output to adaptive filter 33 and 
Analog/Digital converter block 16. As a result, A/D 
block 16 is enabled to locate the synchronizing se- 
quence field and enables the commencement of sym- 
bol synchronization. Once frame synchronization is 
achieved, switch 31 (Fig. 5) is moved to connect the 
output from BBF block 30 to signal synchronization 
block 46. 

Referring to Fig. 8, details of symbol synchroni- 
zation block 46 will be hereafter described. Symbol 
synchronization block 46 achieves a cross correla- 
tion between a received synchronizing signal se- 
quence and the synchronization sequence stored 
within the radio telephone. The cross correlation is 
calculated at two time instances separated by a half 
signalling period. If there is no intersymbol interfer- 
ence present and the synchronization sequence ex- 
hibits a partial autocorrelation property, the cross 
correlation provides two amplitude samples of a sig- 
nal pulse, the samples having a known relationship, 
one to the other (e.g. as illustrated in Fig. 3). The two 
timing instances at which the cross correlation is cal- 
culated are ideally such that one cross correlation is 
calculated at the peak of a symbol pulse and the other 
one is calculated half a symbol earlier. When the lat- 
ter value is divided by the first value and compared 
to a fixed value calculated for an ideal pulse, the re- 
sult is an error signal. For example, if the signal im- 
pulse is a 35% raised cosine pulse (the peak value of 
which is normalized to 1), the value half a symbol ear- 
lier than its peak is approximately equal to 0.7. To re- 
move the complex phase of the signal, the signal is 
squared thus giving an approximate value of 0.4. 
When the latter value is divided by the former value, 
the result is equal to 0.4. This is the ideal value to be 
achieved by a received symbol that is in synchroniza- 
tion. 

The circuit of Fig. 8 determines whether such a 
ratio exists, and if not, adjusts the sampling time in 
such a manner so as to bring such a ratio into being. 
Symbol synchronization block 46 provides a pair of 
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gating pulses via line 60 to gated A/D converter 16. 
In Fig. 9, set of sampling pulses 100 and 102 is illu- 
strated with respect to symbol signal 104. If a proper 
synchronization relationship exists between symbol 
signal 104 and sample pulses 100 and 102, sample 
pulse 100 samples the peak of signal 104 and sample 
pulse 1 02 samples a level of signal 1 04 that is exactly 
a half symbol time prior to its peak time. By contrast 
(as shown in Fig. 10) if symbol signal 104 is advanced 
in time with respect to sample pulses 100 and 102, a 
proper relationship between the sample values will 
not exist. In a similar manner, if as shown in Fig. 11, 
symbol signal 104 has been delayed so that sampling 
pulses 100 and 102 are advanced in time from that 
desired, again the results of amplitude values sam- 
pled at the times pulses 100 and 102 are generated, 
will not exhibit the proper relationship. 

In Fig. 8, the output from gated A/D block 1 6 is ap- 
plied, in parallel, to a pair of registers 62 and 64. Each 
register holds four pairs of complex amplitude sample 
values from gated A/D block 16. The initial amplitude 
sample value for each symbol (pulse 1 00) is stored in 
stages 66 whereas the second amplitude sample val- 
ue is stored in register stages 68. Thus, a pair of ad- 
jacent register stages 66 and 68 will contain a pair of 
sampled symbol amplitude values from a received 
symbol signal. An output from each of stages 68 in 
register 62 is fed to a multiplier 70, to which one of a 
plurality of coefficients C1-C4 is applied. Those coef- 
ficients are determined from the expected symbol 
values of the synchronizing signal sequence as- 
signed to radio telephone 10. Similarly, an output 
from each of stages 66 in register 64 is applied to a 
multiplier 72. Also applied to each multiplier 72 is a set 
of coeff icients C1-C4. Thus it can beseen, that the 
outputs from multipliers 70 and 72 represent a corre- 
lation of the sampled amplitude values and coeffi- 
cients C1-C4, respectively. 

The outputs from each of multipliers 70 are ap- 
plied to a summing circuit 76 and the outputs from 
each of multipliers 72 are applied to a summing circuit 
78. Outputs from summing circuits 76 and 78 are ap- 
plied through squaring circuits 80 and 82 to a divider 
circuit 84. As indicated above, if the sampled syn- 
chronizing sequence is in synchronism with the re- 
ceiver circuits (i.e., symbol signals 1 04 are properly 
synchronized with sample pulses 100 and 102), out- 
puts from summers 76 and 78, after squaring, will 
provide an output approximately equal to 0.4 from div- 
ider 84. If, however, received symbol signals are not 
in synchronism with sample pulses 100 and 102, the 
output from divider 84 will be another value. 

The output from divider 84 is applied as an input 
to a difference circuit 86, the other input to which is 
the expected, output value from divider 84 if signal 
synchronization is proper. Thus, a signal appearing 
on line 88 from difference circuit 86 will be an error 
value that is equal to the difference between the out- 



put from divider circuit 84 and the expected value in- 
put to difference circuit 86. 

The error signal on line 88 is fed through a low 
pass filter 90, an integrator 92 and detector 94 to a 

5 counter block 96. Because of the phenomenon of fast 
fading and multipath propagation, the arrival time of 
synchronization sequences varies substantially. 
Consequently, the error signal appearing on line 88 
is filtered before it is used. Filter 90, integrator 92 and 

10 detector 94 accomplish such filtering. 

Sample pulses 100 and 102 are generated by 
counter block 96. Counter block 96 always issues a 
pulse pair 100 and 102 with a set time therebetween, 
however, the absolute time of occurrence between 

15 succeeding pulse pairs is controllable by a count ach- 
ieved within counter block 96. For instance, only 
when the aforementioned output from divider circuit 
84 is equal to a preset value (e.g. 0.4) does the output 
of comparator circuit 86 achieve a null. Under those 

20 conditions, the count within counter block 96 is con- 
stant between succeeding pulse pairs 100 and 102. 
Such a situation arises when the relationship be- 
tween signal symbol 104 and pulses 100 and 102 is 
as shown in Fig. 9. 

25 By contrast, if symbol signal 104 has advanced 

in phase with respect to pulses 100 and 102, then a 
positive level appears on output line 88 from compar- 
ator circuit 86. That positive level, after filtering, inte- 
gration and detection causes counter 96 to increase 

30 its count by one pulse. As a result, the time between 
succeeding pulse pairs 100 and 102 is increased by 
one count. 

If the relationship between symbol signal 104 
and pulses 100, 102 is as shown in Fig. 11, then a 

35 negative level issues from comparator circuit 86 
which causes the count issued from counter 96 to 
decrement by one count Over the course of a plural- 
ity of samples, pulses 100, 102 are thus brought into 
synchronism with symbol signal 104. As can thus be 

40 seen, the circuit of Fig. 8 continually provides correc- 
tion for the interval between succeeding pulse pairs 
100, 102 so as to maintain their time position in prop- 
er relationship to a received symbol signal. 

It should be understood that the foregoing de- 

45 scription is only illustrative of the invention. Various 
alternatives and modifications can be devised by 
those skilled in the art without departing from the in- 
vention. In particular, the apparatus and method is 
substantially suitable for transmission, but in reverse 

so order. Accordingly, the present invention is intended 
to embrace all such alternatives, modifications and 
variances which fall within the scope of the appended 
claims. 

The scope of the present disclosure includes any 
55 novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisa- 
tion thereof irrespective of whether or not it relates to 
the claimed invention or mitigates any or all of the 
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problems addressed by the present invention. The 
applicant hereby gives notice that new claims may be 
formulated to such features during prosecution of this 
application or of any such further application derived 
therefrom. 



second sample time amplitude samples and a 
second set of stored coefficient values; and 

means for deriving a ratio between the 
first and second summation values, said ratio be- 
ing the error value output. 



Claims 

1. Apparatus for a digital radio communication sys- 
tem comprising a receiver for receiving a signal 
stream comprising data frames having data sig- 
nal sequences and synchronizing signal se- 
quences, the apparatus being adapted for syn- 
chronizing the receiver, and comprising: 

sample means for sampling symbol levels 
in a synchronizing signal sequence; 

cross correlation means for comparing 
values derived from the sampled signal levels 
with a set of coefficient values and for producing 
an error value output; and 

correction means responsive to the error 
value output for producing a sample control sig- 
nal output to the sample means to alter a time of 
sampling of said symbol levels to reduce the error 
output and to thereby achieve time synchroniza- 
tion with one of the said synchronizing signal se- 
quences. 

2. Apparatus according to claim 1, wherein the 
sample means level samples each of the symbol 
signals first and second sample times over a 
plurality of symbols, a said level sample at the 
first sample time exhibiting a different amplitude 
value than a said sample at the second sample 
time if the sample means is operating in syn- 
chronism with the symbol signals in the syn- 
chronizing sequence. 

3. Apparatus according to claim 1 or claim 2, where- 
in the first and second symbol sample times are 
separated by a constant time period, the sample 
control output signal operable to cause the first 
and second sample times to be moved in tandem 
with respect to a symbol signal to be sampled. 

4. Apparatus according to claim 2 or claim 3, where- 
in the cross correlation means comprises: 

first and second register means, each reg- 
ister means having storage positions for storing 
symbol level samples for a plurality of symbols; 

„ means for deriving from the first register 
means a first summation value indicative of a va- 
riation between a plurality of the first sample 
time amplitude samples and a first set of stored 
coefficient values, and for deriving from the sec- 
ond register means, a second summation value 
indicative of a variation between a plurality of the 



5. Apparatus according to any of claims 2 to 4, 
wherein the correction means comprises: 

means for comparing the error value to a 
10 constant; 

timing interval means for controlling the 
sample means to provide the first and second 
symbol level samples; and 

means responsive to the comparing 
15 means for modifying the timing interval means to 

operate the sample means to bring the error val- 
ue closer to the constant 

6. Apparatus according to any preceding claim, f ur- 
20 ther comprising: 

means for correlating a received syn- 
chronizing signal sequence with a locally stored 
synchronizing signal sequence and providing an 
output indicative of a match therebetween; and 
25 means responsive to said output for pro- 

viding a frame time output based upon a time of 
receipt of a first synchronizing signal sequence. 

7. A method for a digital radio communication sys- 
30 tern that receives a signal stream comprising 

data frames having data signal sequences and 
synchronizing signal sequences, said data 
stream being subjected to multipath propagation, 
the method synchronizing a receiver in the radio 
35 communication system and comprising the steps 

of: 

level sampling a received synchronizing 
signal sequence at first and second sample 
times during each of a plurality of symbols in a re- 

40 ceived synchronizing signal sequence, the first 

and second sample times separated by a half 
symbol time; 

deriving first and second cross correlation 
results from a combination of prestored coeff i- 

45 cients and level samples derived at the first and 

second sample times; 

calculating a ratio between the first and 
second cross correlations; 

subtracting a constant from the ratio to 

so derive an error signal, the constant based upon 

a ratio that would result if the synchronizing sig- 
nal sequence and the first and second sample 
times were in synchronism; and 
employing the error signal to adjust the time of 

55 occurrence of the first and second samples 

times to reduce the error signal. 

8. A method according to claim 7, further compris- 

6 
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ing the steps of: 

multiplying the first and second cross cor- 
relations with their complex conjugates prior to 
calculating said ratio. 

5 

9. A method according to claim 7 or claim 8, wherein 
the ratio is calculable by dividing a level sample 
achieved earlier in time with a level result ach- 
ieved later in time. 

10 
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